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ABSTRACT 


The primary purpose of this study was to determine 
the percentage contribution of the arms to the horizontal 
impulse in a standing long jump. A secondary aim was to 
examine the effects of altering the standing long jump by 
the addition of five pound weights to each hand. 

One volunteer subject, a twenty-year-old male who 
was an experienced long jumper with the University of 
Alberta Track and Field team, was photographed. 

From the force traces and film analysis, the 
following were obtained: 1) the total impulse developed 
during a jump with and without weights; 2) the impulse 
associated with the center of gravity of both arms for 
both jumps; 3) the percentage contributions of the arms to 
the total impulse; 4) the regions of the jump in which the 
arms were positively contributing to the impulse, and 5) 
the physical position of the performer at selected critical 


regions of force development. 
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CHAPTER I 
STATEMENT OF THE PROBLEM 
Introduction 


The standing long jump is used in at least fifteen 
physical fitness or motor ability tests. It has been the 
subject of much effort to determine the relationship of the 
distance jumped to such variables as isometric leg extension 
strength, elbow flexion strength, hip extension strength, 
ankle plantar flexion strength, angular velocity and accel- 
eration of the limbs, and total force involved in the jump. 
There has been little published research, however, dealing 
with the size of the forces involved in long jumping or the 
effects of the individual body segments on the overall 
pattern. 

In 1964, Eckert published a study dealing with 
the standing long jump in which she attempted to find the 
relationships between the isometric leg strength and the 
calculated angular measures of the lower limbs. No sig- 
nificant correlations were found, except when comparing 
isometric extensor strength of the hip to the maximum 
angular velocity and to the angular velocity at maximum 


angular acceleration of the hip joint. 


Roy, cited by Roberts (1971), states that a maximum 
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force of slightly under two times body weight was developed 
as the vertical component of force in a standing long jump. 
He also calculated distances, velocities and impulses, 
although these have not yet been published. 

In a paper dealing with the uses of a force platform 
in athletic-investigation, Payne et al. (1968) show that the 
active use of the arms contributes approximately six percent 
(this author's calculations) to the impulse developed ina 
vertical jump for maximal height. 

It seems that little is known about the horizontal 
component of force in the standing long jump, in particular 
the effect of the arms, and thus this study will attempt to 


determine some of these factors. 
The Problem 


The major problem was to determine the percentage of 
the horizontal impulse attributable to the use of the arms in 


the standing long jump. 


Secondary Problems 


The secondary problems involved in this study were: 

1. to determine if weights in the subject's hands 
had any appreciable effect on the impulse, 

2. to determine the physical position of the 
performer at selected critical regions of force application 
in the standing long jump, and 


3. to determine the exact point of departure from 


hejoleve) aew ade aere i sa ows ‘eabnaeatebenle Res 
pmc pad. palortese 6 ai. sede — sister iWisser add) 
ase ivgak brn patataes. sy eames. Beall so. site 

bots i ites 68 ase. aay. fon ever gens tt 19H 


5 


woiitsiq sorbet a jo asap eng -29 iW Petes tage, = ae 


att shay woke (aed) ‘dil ie anes Spsé qulbave fuk Sek 


hiehseq we isdemixoaqes fad ha8| Retin ery the new oy fh 
v = oF Beo.lay5b an Light act ot rened FedNelEg xargs a 


S7MpKS [Laren in’ 3bY ott Letts 

& he : 5 | a oy 
. teheosézodt sty dvody mwontdk ‘et el d7@i: Jay els 4h 
ot sla - 
‘3eidoie®eg Ah damot pol Btihreds Ee Abi anno’ to HSE ph 
ie: 


at Jomeads= Cilw. vhu2e e has Butts tt Re a 1 Aan th mi : 
un mn | 
oe aoa? 9 gpta\ siantt a 


signee we 
eg } 


“Wo apsimeored , Sef anbaageaee “J we nes TROT matter st 


ne emake alta lo Seb aii. ed Seu 8 Be lsicgtl Lavtophaiaea i: 


Pia 


| A a 


a ae © fac 


a a % Sige) eas \ 
. &. : i 

. 4 : e. c oF 
een Ol = Pi is . . t 


eo el sue ‘Sins tsi bev Loven: anal dota guébnande Silt 


: mil 


“a? i) 
= bai 


is abut = pene tere od “ae Nadpias bys ofnintisdéts oy ae et is is a 
: o Yr pe oil rig’ ratte wean i 
: a Fe ‘ Bini netsdet r6orevdy ere cmtbersog a OP eS 97 Pa ; 
‘ oa ae io Til to arctney, LEOis 9, bheater ai ean 
: ‘| 4 - r On vamny aCe an Ehiaese aft phi. 4 at 
pe egess ‘e kad Sorins Reopoimiadah es ot! OF Bet 
) os koe a 
7 & rt es ” > @s . 


the force platform and its relation to the time of zero 


horizontal force. 


Delimitations 

The study was delimited to one experienced subject 
of average build, and no attempt was made to assess the 
magnitude of the vertical or lateral forces involved ina 


standing long jump. 


Definition of Terms 


Standing Long Jump 


In this study a standing long jump refers to a jump 
for maximal horizontal distance which is begun from a 
stationary position with the feet side by side, approxi- 


mately hip width apart. 


Critical Regions 

Critical regions are those regions which appear from 
the force-time trace to be most important in attaining a good 
performance, i.e., the regions of minimum or maximum force 
application, or the regions in which there is a sudden 


increase or decrease in the force developed. 


Force Platform 

The force platform was a device used to measure the 
horizontal component .of force in the sagittal plane, built 
and designed at the University of Alberta by Howell and 


modified by Marshall (Figure 1). 


case Yo: amis odd a nisi seth 


toads Beonss si sind Sie od Shaskmt kee fen ‘ebless ee. x 


sii? eepeas isa aber Coe tao Ia6 oft its site seating : 
5 ni beviownl. asco? pisses to Angry Bie 38 | 


ACN ‘sae foo vba 


eqier iS. apenas. lg ek i 


~znonmae abe ye ade. #903 ents | doit ile yuieaste 
yas es ein d ed a vt 


mae: —, iio anokyos weiicis wis eager ieoiddao } 
foie: eran die ad donsaemym: $eom od 5¢ aad ont se wer 
avsek. alltel WR, tig Em tw Sedinex ails iBed Se 

” thu & wk) O86a3 daar nd aposeet eit26 nak tdobage 

| abeqotaven soe? dia aed hearted 76 saneztia 


x . > - =, 


— 
. ate 


3 - “pe Ss oy’ ee. ‘sort: & sow aolspee bak ont | fics 
. ; erly rateaene Srl -gozbd aw Fobnsdaes,, inte a 
7 " aiid x50 itis rau aft: ds berpicall tae! 


( 
iene . 


POOF. wes 1%, —9* Ltedaze va bona bo? ‘ 
Aw | ¥ 


Impulse 


A vector quantity, impulse is the product of the 
force and the time for which it acts. The total impulse 
acting on a body is equal to the total change in momentum 


of the body. 
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CHAPTER II 
REVIEW OF LITERATURE 
Standing Long Jump Studies 


Clarke (1960) and Barrow (1968) list over fifteen 
different physical fitness and motor ability tests which 
include the standing long jump. In an attempt to provide 
standards of performance in this easily-administered test, 
many studies have been published relating the distance 
jumped to such variables as: the type of incentive offered 
(Caskey, 1968); elbow flexion strength, body weight, hip 
extension strength, ankle plantar flexion strength, and leg 
strength (Clarke and Degutis, 1964). In addition to this, 
studies have been carried out relating the distance jumped 
to the number of trials necessary to obtain reliable results 
(Baumgartner, 1970), the standing jump for height (Glencross, 
1966), the effects of a six week isometric strength training 
program (bindeburg?etval., ©1963) mand, to*thepcharacteristic 
likenesses and differences between skilled and unskilled 
standing long jump performers (Zimmerman, 1956). Cooper and 
Glassow (1972), and Glencross (1964) analyse the standing 
long jump in terms of the movements involved and their 
coordination. 

A series of articles has been published by Eckert 
(1964, 1966, 1968) dealing with the standing long jump and 
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its relationship to isometric strength, angular velocity, 
angular acceleration, force, and range of motion. She [1964: 
305] found 
- . . a Significant relationship between isometric 
extensor strength of the hip and the speed of movement 
of the hip joint during performance of a standing long 
jump when the speed of movement was measured at the 
points of maximum angular velocity, and of velocity at 
the point of maximum angular acceleration. 
but no significant relationships to any of the other 
variables. 
All of the preceding studies seem to indicate that 
the standing long jump is a complex integration of strength, 


skill, and motivation, and cannot be easily related to one 


variable. 
The Contribution of Body Segments to the Impulse 


Bunn (1964) indicates he is of the opinion that 
effective use of the arms can increase the distance jumped, 
and thus presumably increase the total impulse. Payne et al. 
(1968), in studying a standing jump for maximum height found 
that the arms contributed approximately six percent (this 
author's calculations) to the vertical impulse of the jump. 
Ramey (1972) states that in a running long jump the lifting 
of the arms and leg at takeoff contributes less than twenty 
percent to the total force. Whether by "total force" he 
means peak force developed, or total impulse, is not clear. 

Sprigings (1972) attempted to determine the impulse 


contributions attributable to each body segment in a track 
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sprint start, but was unable to differentiate between the 
impulse generated by a segment and the impulse inherent in 
a segment. 

These were the only studies found which discussed 
the contributions of the various segments to the movement. 
There seems to be a lack of information relative to the 
size of the impulses, and to the percentage contributions of 


the body segments. 


Relationship of Force-Time Recordings 


to Cinematographical Analysis 


Russell (1967) obtained low correlations in the 
determination of impulse in a swimming sprint start between 
cinematographic analysis and force-time recordings, but he 
used a small number of subjects. 

Lanier (1968) found no significant difference in the 
calculation of average velocities from cinematographical 
analysis or recordings from force blocks, but did state in 
his study that the relative error in determining velocity by 
cinematographical analysis was twice as large as by the force 
block method. 

Murray, Seireg and Scholz (1967) used cinematograph- 
ical analyses and percentane recordings to analyse descending 
to and rising from sitting and squatting postures, and 
jumping. They found that the film calculations closely 


approximated the force recordings in the pattern evolved, 
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8 
but there were differences in magnitude noticed in the peaks 
and valleys of the force trace. This was hypothesized to be 
the result of errors made in the process of differentiation, 
which would show up as the greatest errors at times of maxi- 
mum acceleration. 

In comparing horizontal velocity, movement time and 
reaction time, Sinclair (1970) reported high relationships 
between film analysis and force-time graphs. 

Roy (Roberts, 1971), studying the standing long jump 
of children seven to sixteen years of age found a close 
relationship between the record of vertical force obtained 
from his force platform and the vertical force calculated 
from the film. The maximum deviation in this case was nine 
percent, which indicates that the data on individual body 
segments can be measured accurately from film, and the ana- 
tomical data used in the calculations is acceptable. 

Sprigings (1972) found cinematographic calculations 
provided similar results to force platform recordings in the 
calculation of the impulse. Sprigings used an integrator to 
directly record the impulse produced during a sprint start, 
and found that there was some variation between the two 
methods when scrutinized frame by frame, but the total 
impulse measures were in close agreement over the entire 


sprint start. 
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CHAPTER III 
METHODS AND PROCEDURES 


This study was conducted in the Strength Laboratory 
in the Physical Education Building at the University of 
Alberta. The possible variables of light, temperature and 


weather were therefore controlled in this situation. 
Subject 


The subject was a male university student, an 
experienced long jumper with the University of Alberta 
Track and Field team, who was capable of consistently 
performing a standing long jump of Beenie feet. He was 
five feet, six and one-half inches tall, weighed one 
hundred forty-four pounds, and was twenty years of age. 
The subject performed fifteen jumps on the day of the 
testing after his personal preference for warm-up had been 
satisfied. Two jumps were used for analysis; one jump was 
chosen from the jumps without weights, and one was chosen 


from the jumps with weights. 


Apparatus and Methods 


Force Platform 
The force platform (Figure 1) was designed to 
measure the horizontal force exerted by the subject, using 
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a Sanborn 7 DCDT transducer, which generated a voltage 
difference proportional to the horizontal component of the 
force exerted against the platform. This potential differ- 
ence passed through an operational amplifier and activated 
the Honeywell Accudata 113 D.C. Amplifier. 

The force platform used was a modification of the 
force blocks designed by M. L. Howell and described by 
Lanier (1968). They were reconstructed to provide a plat- 
form from which the subject could jump, while a reading of 


the horizontal force exerted could be obtained. 


Camera 

A sixteen millimeter motion picture camera, Teledyne 
Camera Systems Millikan Model DBM 54, was used and operated 
at about one hundred twenty-four frames per second, with 
Kodak Tri-X Reversal film (ASA 160). This particular camera 
had internal timing lights which left light traces on the 
edge of the film at a predetermined rate, controlled by a 
crystal oscillator (Steinwood Instruments Tri-Pulse Generator, 
model T.P.G.-3-83). The shutter speed was 1/300 of a second, 
the lens-to-subject distance was twenty-one feet, and a twelve 


millimeter lens was used. 


Grid 
A four-by-eight foot sheet of plywood marked off in 
six inch squares was placed in the plane of the jump and 


photographed to provide a means of obtaining accurate 
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12 
distance measurements when the film was projected. Errors 


due to lens distortion were also minimized by this process. 


Timing Apparatus 


An apparatus was designed to determine the exact 
moment of leaving the platform, which consisted of a wire 
mesh connection between the large toe of the subject's 
right foot and the platform. Closing this connection caused 
a galvanometer to deflect, and the opening of the circuit 


resulted in the galvanometer returning to its zero point. 


Recording System 


Three channels of the Honeywell Electronic Medical 
System were used. Each channel consisted of a transducer 
input, or sensor to detect the signal, a recording device, 
and electronics to condition the signal and make it com- 
patible with the recording device. One channel was an 
Accudata 135 ECG-EMG Amplifier, used as an event marker to 
record the electrical output from the camera, which was 
equivalent to the frame rate. The other two channels used 
were Accudata 113 D.C. Amplifiers. One of these channels 
was also used as an event marker to record the opening or 
closing of the foot-platform contact, while the other 
channel was the primary amplifying device. The output 
voltages from each transducer of the force platform were 
combined through an operational amplifier adder, reduced by 


a factor of twenty, and then input to the primary 113 channel. 
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Operational Amplifier Adder 
To sum the two voltages from the transducers, an 
O.A. adder was constructed which also decreased the input 
voltage by a factor of twenty (see Figure 2), to provide a 


voltage within a range useable by the recording amplifiers. 


Motion Analyser 
A Triad Corporation film analyser model V/R-100 


was used for the film analysis. 


Computer Program 
A computer program (Appendix B) developed by Miller 


was used to assist in the calculations. The program calcu- 
lates the center of gravity of each segment, as well as the 
center of gravity of the entire body for each frame. Three 
modifications of this program were developed: one change 
provided the center of gravity of the arms combined, and 
the center of gravity of the body minus the arms; another 
modification required a change in the segmental weight 
percentages to compute the center of gravity of the body 
plus the weights; and the third gave the center of gravity 
of both arms and of the body minus the arms, taking into 
consideration the changed values of the segment percentages 
because of the added weights. A list of these values is 


shown in Appendix C. 
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Calculation of Impulse 

With the data provided by these programs, distance- 
time plots of the motions of the total body, the body minus 
the arms, and both arms were drawn for each of the two jumps 
analysed. From calculations on these graphs, velocity-time 
graphs were plotted, and then acceleration-time graphs were 
calculated and drawn. 

In attempting to determine the impulse attributable 
to a segment, it should be noted that the arms will have 
an impulse associated with them whether they are moving 
faster or slower than the rest of the body. For the purposes 
of this study, if the center of gravity of the two arms was 
accelerating faster than the center of gravity of the body 
minus the arms, the arms were considered to have a positive 
contribution to the impulse. 

The areas under the acceleration curves were determined 
by a "weighing technique," in which the weight of a known 
area waS compared to the weight of the area under the acceler- 
ation graph; then by multiplying by the appropriate mass, the 


impulse was calculated. 


Testing Procedures 


Calibration 


Each transducer was first adjusted by centering the 
core within the coil to produce an electrical output of 


zero. When each had been standardized, they were summed 
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16 
through the O. A. adder, and this output was connected to a 
voltmeter. Weights of twenty and forty pounds were then 
applied to each half of the platform and the voltage per 
pound was calculated. The full calibration chart is shown 
in Appendix A. 

On the day of the testing, a calibration curve was 
produced using the electrical equivalent of weights from 
ten to three hundred twenty pounds. This curve was used as 
the basis for measuring the magnitude of the force traces 


obtained during testing. 


Subject 

The surface landmarks associated with the joint 
centers of the subject's wrists, elbows, knees, ankles, 
right hip and right shoulder were located according to 
Williams and Lissner [1962:133], and marked with a black 
"X" on the skin surface. 

The subject performed six standing long jumps for 
maximal distance from the force platform after his personal 
preference for warm-up had been satisfied. Then, with a 
five pound dumbell in each hand, he performed five or six 
practise jumps after which the subject reported that he 
felt comfortable jumping with the additional weight. Nine 
jumps with the subject using the weights were then recorded 


(Figure 4). 
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Data Collection 

With the subject standing on the force platform, 
the ultraviolet recorder was started; then the camera was 
switched on, and when the camera had attained the desired 
speed (approximately one second) the command "Start" was 
given and the subject performed a jump. When the subject 
landed, the camera was turned off, and then the u.v. 


recorder was stopped (Figure 5). 
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FIG. 3. SCHEMATIC DIAGRAM OF TESTING APPARATUS 
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SUBJECT PERFORMING A JUMP WITH WEIGHTS 
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CHAPTER IV 
RESULTS AND DISCUSSION 
Results 


The subject performed fifteen jumps, six without 
weights, and nine with a five pound dumbell in each hand. 
Jump six was chosen for analysis because it was 
the second longest jump in this group, and a better than 
average force recording was obtained. Number fourteen 
was chosen also because of a superior force trace and the 
distance achieved. As well, it was chosen because earlier 
jumps exhibited variation in the force-time pattern, and 
a consistent pattern was not achieved until the last three 


jumps. 


Film Analysis 

Determination of impulse. The graphs in Figures 6 and 
7 show that a positive contribution was made by the arms from 
0.147 seconds to 0.293 seconds in the jump without weights, 
and from 0.242 seconds to 0.371 seconds in the jump with the 
weights. Using the technique described on page 15 the 
impulses of the arms and of the body were calculated, and are 


shown in Table l. 
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TABLE 1 


Impulse Comparison of the Two Jumps 


Section 
Horizontal impulse of A 
the total body B 
Cc 
Total 
Horizontal impulse of A 
the arms B 
C 
Total 
Percentage of the A 
impulse contributed by B 
the arms C 


*The impulse of the arms 


direction to the desired jumping 


aL 


Jump Without Jump With 
Weights Weights 
8.42 lb-sec 2.88 lb-sec 
15.44 lb-sec 16.30 lb-sec 
24.39 lb-sec 42.66 lb-sec 
48.25 lb-sec 61.84 lb-sec 
=—20 2), 1b-SeGie =3 959) lb-sec 
ieee; Lb=sec 9.19 lb-sec 
=3 2/021 b-sec -13'.10, lb-sec 
5 4elb-—sec’) e186 450-sec 
*16.21% *35.69% 
47.02% 56.38% 
*11.64% *19° 02% 


was directed in the opposite 


direction. 
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Critical regions. The critical regions were determined 
by the maxima and minima of all three acceleration graphs. 

It should be noted that the acceleration graphs 
varied slightly from the force traces. The variance was 
most noticeable at the maxima and minima of the graph, since 
the greatest errors due to double differentiation would be 
magnified at these points. This has previously been noted 
by Murray, Seireg and Scholz (1967). 

Because the same pattern was evidenced in both the 
jumps with and without weights, the sets of graphs were 
split into three sections for the purpose of analysis. 
Section A was from the start of the graph to the first 
intersection of the arms and “body minus the arms" graph. 
The second section, B, was from the first intersection to 
the second intersection, and the final part, C, was from 
the second intersection to the point of leaving the plat- 


form. These points are clearly marked on Figures 6 and 7. 


Instant of leaving the platform. The apparatus 


designed to determine the exact moment the subject's foot 
left the platform failed to work consistently throughout 

the testing period, and was thus rejected as a valid means 
of determining the subject's last moment of contact. It was 
not possible to explain the inconsistency which showed 

the subject leaving the platform anywhere from 0.0225 


seconds to 0.08 seconds before the end of the force trace. 
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TABLE 2 


Time Comparison of the Two Jumps 


Jump Without Jump With 


Section Weights Weights 
Time in each section A 0.147 sec. 0.242 sec. 
B 0.147 sec. 0.129 sec. 
( 0.130 sec. 02226, sec. 
Total 0.424 sec. ORi5 97+ Sec. 
Percentage of time A 35% 41% 
spent in each section B 35% 22% 
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TABLE 3 


Force and Acceleration Comparison 


of the Two Jumps 


‘Jump Without Jump With 


Section Weights Weights 

Maximum horizontal A 34 ft/sec 12 ft/sec? 
acceleration of the center B 39 ft/sec? 27 f£t/sec2 
of gravity of the body C 56 ft/sec2 59 ft/sec2 
Maximum horizontal A =—39 ft/sec? -32 ft/sec2 
acceleration of the center B 140 ft/sec2 117 ft/sec? 
of gravity of both arms c -96 ft/sec? -137 ft/sec2 
Maximum horizontal force A eS Deis. SytAL Dis 
exerted by the body B ome Da NP Ov ed ole 

C PAS Bak oye PTI MG ees 
Maximum horizontal force A =20 1b. -24 lb. 
exerted by both arms B 735 .0L Db. 86. Lb. 
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The frame-by frame output from the camera was used 
to link the film directly to the force recording as is shown 
in Figure 8. This method had been used successfully by 
other investigators. The frame-by-frame output of the camera 
indicated the camera speed to be one hundred thirty-four 
frames per second in jump six, and the actual speed was 122.8 
frames per second (+ 1%). The actual speed of the camera in 
jump fourteen was 124.16 frames per second (+ 1%), and the 
camera output indicated a speed of one hundred thirty frames 


per second. 


Changes in the force trace pattern. Mention should 


be made of the changes that occurred in the force traces 
during the nine recorded jumps with weights. The graphs 
became smoother and have a higher peak force, perhaps indi- 
cating that the subject was learning how to more effectively 
utilize the weights. Reproductions of the force traces 
seven to fifteen may be found in Appendix D. The inference, 
although not within the context of this study, is that force 
traces may be of value in explanation or detection of a 


learning pattern. 


Discussion 


The Acceleration Graphs 


These graphs (Fig. 6 and 7) are a composite drawing of 
the horizontal accelerations of the total body, the body 


minus the arms, and the arms. The numbers on the heavy line, 
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28 
the total body acceleration, refer to the pictures at the side 
of the graph. 

Above the zero line is acceleration, and below this 
line is deceleration. Acceleration means that a force is 
being exerted in the positive direction (in this case, to 
the right), and the deceleration means that a force is being 
exerted in the negative direction (to the left). For any 
positive acceleration, the segment referred to was either 
increasing its velocity if it was moving in a positive 
direction, or decreasing its velocity if it was moving in 
a negative direction. In the same sense, a deceleration 
means that the segment was decreasing its velocity if it 
was moving in a positive direction, or increasing its 
velocity if moving in a negative direction. 

Acceleration is the rate of change of velocity, and 
as such, it is possible to have greater and lesser changes 
of velocity. This means that a seat can still be 
increasing its velocity even though the graph has a negative 


Slope, if the graph is above the zero acceleration line. 


Effect of the Arms 


The arms were accelerating faster than the body 
minus the arms in sections B of the graphs in Figures 6 and 
7, in this, therefore, was the area in which the arms were 


directly contributing to the jump. 


The body may be thought of as a hinged link system 
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FIG. 8. SYNCHRONIZATION OF BODY POSITIONS 
WITH THE FORCE TRACE OF JUMP Six 


FIG. 9. SYNCHRONIZATION OF BODY POSITIONS 
WITH THE FORCE TRACE OF JUMP FOURTEEN 
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30 
which is required to transmit forces in various ways. Any 
force generated by the arms must be transmitted through the 
trunk and legs to the ground. In sections A and C, the arms 
had an impulse in the negative direction and therefore were 
not, by themselves, increasing the total impulse of the body. 
Bt cannot be inferred, however, that the arms are detracting 
from the jump in A and C, because there are considerations 
other than the purely mechanical impulse contribution. 

Over the entire jump, the arms alone contributed 
1.537 lb-sec of impulse (approximately 3% of the total) in 
jump six. Payne (1968) found an approximate increase of 
Six percent in the vertical impulse due to the arms, when 
jumping without weights. Thus a three percent contribution 
in the horizontal impulse of a standing long jump without 
weights seems reasonable. A negative 7.86 lb-sec of impulse 
were generated when jumping with the weights. 

It should be remembered, however, that the subject 
was a skilled performer at jumping without weights, but 
could not be considered to be a skilled performer at jumping 


with weights. 


Comparison of the Two Jumps 


In jump six, the three sections are all executed in 
about the same time, while jump fourteen TSySplie in ae2eies2 
ratio. Using jump six as a standard, this 2:1:2 ratio would 


imply that the subject not only found the weights hard to 
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ef 
accelerate initially, but also that he could not accelerate 
them for as long a period as he was accustomed to acceler- 
ating his arms normally. 

The maximum force exerted by the total body was 
larger for number six in sections A and B, but smaller than 
jump fourteen in section C. This would suggest that the 
force developed by the arms was allowing a larger force to 
be built up in the legs while not allowing them to extend, 
resulting in a larger than normal impulse for section C. 
Since a large period of time was also spent in this section, 
it could be conjectured that the legs also found the extra 
ten pounds difficult to accelerate. 

The total horizontal impulse of jump fourteen was 
approximately thirteen and one half pound-seconds greater 
than jump six, and the subject jumped about six inches 
further in jump fourteen. The time in flight was nearly 
identical for each jump, and therefore the greater distance 
achieved was primarily due to a greater horizontal velocity 
in jump fourteen. The vertical velocity on takeoff for 
jump six was 7.23 feet per second, and for fourteen was 
7.21 feet per second. 

An improved landing technique exhibited in jump four- 
teen also provided an increase of approximately one and 
one half inches in the distance jumped. This technique 
was the ability to put a substantial part of his mass 


behind the path of his center of gravity, thus allowing his 
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32 
feet to reach further ahead than normal. 

Nothing can be said about the arms' overall contri- 
butions to the jumps, because the effects on the other body 
segments of the arms accelerating or decelerating were not 
examined. All that can be stated is whether or not the mass 
of the arms was contributing to the impulse at any given 


instant. 


Physical Positions of the Performer 


As shown in Figures 6 and 7, the subject seems to 
be oin thevsame relative position at the critical regions in 
each jump, except that the arms in jump fourteen are slightly 
slower. 

Although it is difficult to connect positions to 
exact points on the force trace shown by Sinclair (1970), 
there are similarities in the stance of the subject at the 


two peaks of the force traces. 


Force Exerted Before Deepest Knee Flexion 


Eckert (1964) has reported a study based on the 
assumption that there is no force generated before deepest 
knee flexion in the standing long jump. The results of this 
study show that twenty to sixty-five percent of the total 


impulse had been generated by this time. 


Practical Implications 


The results of this study show that increasing the 
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33 
effectiveness of the arms results in a greater horizontal 
velocity at takeoff.. This suggests that it would be 
advisable for coaches to stress acceleration of the arms to 
obtain an improvement in the distance jumped. 

It is interesting to note that if the weights were 
dropped immediately after they had finished contributing to 
the total horizontal impulse (position 5 in Figures 6 and 7), 
the jumper should jump further. 

Increasing the effectiveness of the arms also 
increases the length of time the legs can exert force. This 


would result in a greater horizontal velocity at takeoff as 


was exhibited in jump fourteen. 
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CHAPTER V 
SUMMARY AND CONCLUSIONS 
Summary 


The primary purpose of this study was to determine 
the percentage contribution of the arms to the total hori- 
zontal impulse in the standing long jump. A secondary 
purpose was to examine the effects of five pound weights 
held in each hand. 

One volunteer subject, a twenty year old male who 
was an experienced long jumper, was used. On the day of the 
testing, he performed six jumps for maximal distance without 
weights, and nine jumps with weights for maximal distance 
from a force platform. 

Force recordings were made of each jump, and all 
jumps were photographed at approximately one hundred twenty- 
four frames per second. The accelerations of the centers 
of gravity of the total body, both arms, and of the body 
minus both arms were calculated; then the impulses of the 
total body and of the combined arms were computed for two 
jumps and used to determine the contributions of the arms. 

The effect of jumping with weights was examined 
and the effect of the increased mass on the motion of the 


arms was noted. 
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Conclusions 


The following conclusions were drawn from the 
information gathered: 

a, The arms contribute to the horizontal impulse during 
the middle one-third of a standing long jump for maximal 
distance, and detract from the total horizontal impulse in 
the remainder of the jump. 

2. In a standing long jump for maximal distance when 
using weights, the arms contribute to the horizontal impulse 
during the middle one-fifth of the jump, but detract from 
the impulse in the remainder. 

3. Performing a standing long jump with weights in the 
hands effectively increases the horizontal impulse, while 
Maintaining approximately the same vertical impulse as a 


jump without weights. 
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CALIBRATION OF THE FORCE BLOCKS 


After the core had been centered within the coil, 
and the output summed by the O. A. Adder and reduced by a 
factor of 20, the following calibrations were carried out: 
twenty pounds were applied to each block, and the voltage 
increase was noted; then forty pounds were applied to 
each block and again the voltage increase was noted. The 
average voltage per pound increase was calculated. 

From the average voltage per pound, the electrical 
equivalent of weights from ten to three hundred and twenty 
pounds were calculated, and input to the recording system 


to obtain a calibration curve. 
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CALIBRATION OF THE FORCE BLOCKS 


A: Forty pounds 


Trial Voltage Voltage Difference 
Without Load With Load 
i 0.44 0.76 0.32 
2 0.43 0.76 O33 
3 0.44 0.76 0.32 
4 0.43 0.76 0.33 
iS) 0.43 0.76 0.33 
6 0.43 0.75 0.32 
7 0.43 Ona 0.34 
8 0.43 0.76 0-233 
9 0.43 OMS 0.382 
10 0.43 0.76 0.33 
Ly = 3.27 
x = 0.327 


Voltage per pound = 0.0082 
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B: Eighty pounds 


Trial Voltage Voltage Difference 
Without Load With Load 

J. 0.44 gees 0.69 
2 Oe 1.14 OQo7L 
3 0.33 gran 0.68 
4 0.33 1.14 Ort. 
is) 0235 deen 0.69 
6 0533 1.14 Ol L 
7 05.33 Bee Oneo 
8 0.33 Lk2 O69 
9 Uae hs Vee a 0.69 
10 Or33 ae 12 0.69 

y= 56.695 

x = 0.695 


Voltage per pound = 0.0087 


Average voltage per pound = 0.00845 
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CENTER OF GRAVITY COMPUTER PROGRAM 
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COMPUTER PROGRAM TO CALCULATE CENTER OF GRAVITY 


Prepared by Doris Miller* 


May, 1969 


The output of this program consists of the X and Y 
coordinates for the center of gravity of each body segment 
as well as for the total body. The coordinates refer to 
specific locations on the Vanguard analyzer and are con- 
sistent with the coordinates of the end points of the limbs. 
Dempster's data on relative masses of the segments and 


segmental center of gravity locations have been employed. 


Input 
Two data cards are required for each frame analysed, 
the first containing the X coordinates of the specified 
limb end points and the second containing the Y coordinates. 
All data cards must have the following format: 
Column Content 
Event - Devise a code of numbers 1-9 to 
indicate events of special interest such 
as take-off, touch-down, etc. This 
column may be left blank if desired. 
Blank 
S74 aed Frame number right justified. 
Gi 7 ae * Available <or,,other identification: ) it 
is strongly suggested that a "1" be 


placed in column 7 to indicate the card 


*Professor of Physical Education, University of 
Saskatchewan. 
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limb end points obtained from the analyser. 


three figures will be recorded. 


Content 


Contains xX "coordinates and -al"2" ifat 


contains Y coordinates. The computer 


does not read this field but it can be 


utilized to include information which 


will facilitate the verification of the 


raw data. These columns may be left 
blank if desired. 


Columns 9-75 will contain the coordinates of the 


punched, the computer will interpret the coordination as 


having one figure to the left of the decimal and two to 


che sight, e.g 2, S529 will be read as 5.13. 


If this is the first card for a particular frame, 


the following columns will contain the X coordinates; if 


it is the second card it will contain the Y coordinates. 


Column 


9, 
174 
13,4 


46, 


Content 


Ear 

Blank 

Right shoulder 

Blank 

Right elbow 

Blank 

Right wrist 

Blank 

Right fingertips - may be left blank 
if this information is not available. 
Blank 

Left shoulder. 

Blank 

Left elbow 

Blank 

Left wrist 

Blank 

Left fingertips - may be left blank 
if this information is not available. 
Blank 

Center hip 


Although no decimals are 
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Only the first 
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Column Content 
48 Blank 

49°50), SL Right knee 

52 Blank 

53, Dap DD Right ankle 

56 Blank 

SW Aramis Wao &) Right toes 

60 Blank 

G1,7 O2,, 63 Left knee 

64 Blank 

65, 66, 67 Left ankle 

68 Blank 

GO Oy. ve Left toes 

72 Blank 

13> Test number - may be left blank but is 


useful if several test sessions are 
to be held, e.g., pilot study, pre-test, 
post-test), ietc. 

14, 13 Card number - the first card of each 
trial must be numbered 01. This is 
the signal for the computer to print 
new identification and headings for 
the output. Subsequent cards are 
numbered consecutively: 


01 Trial 1 X coordinates lst frame analysed 
02 Trial 1 Y coordinates lst frame analysed 
03 Trial 1 X coordinates 2nd frame analysed 
04 Trial 1 Y coordinates 2nd frame analysed 
05 Trial 1 X coordinates 3rd frame analysed 
06 Trial 1 Y coordinates 3rd frame analysed 
etc. 
01 Trial 2 X coordinates lst frame analysed 
CEC: 
76* Speed 
Was Variable 
78* Trial 
79, 80 Subject number - right justify 


*It is not absolutely necessary to use these spaces 
but they will provide further information about the trial. 
Suitable single digit codes should be devised. Examples are 
as follows: 


Speed eas. ft/sec 

2 [110 £t/i sec 
Variable 1 = uphiiL 

2 = level 

3 = downhill 


) - ly ; te 
. * 7 , J rs 
SROs KS | es 
; Send Til ff 
a folie es 


as dod toatl Stel eet em vedo 
Sis saa seen Faet [eyevod) 3i) luted. i 
lest-ord ,ybude 205.19 , .6-% iiifed. ed..oo ‘a 
| ata |, Jesd-gHed 
9 lo bas genks odd > Sein Gio: 
aint 3, 18 bevsMhon_ sd: dean be EES ; 
f <stignts BaF Tod Pelies 7 
atbped-hes Nols sasTIaPaeRe | sea 
6 Pbae3 to eupeqeine s Fea Shs « 
. larity seeney betpempyri 
boavisis ames? jal Fas bee Igy Ot ise a 


eo 


icky bob oNiest Sel woteathieds ¥ t-tsenT 
avieng ‘omg? ign SHIRTLESS iA Lg hx 
Say inns. S6ett SxS’ eerenehadan’ Kw, [ats 
pemeteeen smart Ext Fe anc Gison - oer ro al d 
hoalacts ener} Bre Renee i etd i § Seals a 


2 i, ; 236 . 
MSatLens SmAx2 Wad. rateqs b3a00 ¢ RS salterce 
ae ety. 
ie ” CAPABLE Aapes slau serous 


aay Phe eben ieibis tnaaa bene ei 
cs sii tirade noefaurin ta!  septtai7- shi vows. 0 


us “ oe vee af Bloale a @aboo +i php oy 
" y : Key © "> = I ) ; Fan ae 
7 _ a Wid a | oa ) 


49 
The trial number is useful where a subject performs 
more than once under the same experimental conditions. 
General Instructions 

1. Only numbers can appear on the data cards (no 
alphabetic characters are permitted). 

2. All the spaces must be filled unless indicated 
otherwise in the above description of the card format. 

3. If the fingertip coordinates are not available, 
this program will estimate the center of gravity location 
for the forearm and arm combined. If this is the case, 
feave columns. 25,126; °'27, and 41), 42, 43° blank. Appropriate 
calculations will then be performed and titles printed. Be 
consistent within a trial: either include the fingertip 
coordinates for all the frames in a trial or do not include 


any. 


Verifying the Output 


1. Identification and titles should be printed for 
each trial. If these are missing at the beginning of a 
trial, probably a data card is missing. Check to see that 
there are two cards for each frame. 

2. The X and Y coordinates for the center of gravity 
of the head and neck should be identical to the ear coordi- 


nates of the raw data. 


3. Hand calculate two or three frames at random. 
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Comments 
This program is written so that those unfamiliar with 
computer programming will be able to follow the logic of the 
calculations. The accompanying diagram and comments within 
the program itself should make this possible. The program 


requires less than one minute of computer time. 
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COMPUTER PROGRAM MODIFICATIONS 
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COMPUTER PROGRAM MODIFICATIONS 


One modification was necessary to obtain the 
desired data on jump six. The segment weights as a 
percentage of the total weight were modified so the program 
would print out the center of gravity of the arms and the 
center of gravity of the body minus the arms (modification 
#1). 

Two changes were developed for jump fourteen. The 
addition of five pound dumbells in each hand necessitated 
a change in the segment weight percentages in the calcula- 
tion of the total body's center of gravity (modification #2). 
To obtain the centers of gravity of the combined arms and 
the body minus the arms, a similar change to modification 
#1 was necessary, bearing in mind the changed segment weight 


percentages (modification #3). 


ene Tat Hag: eer eR 


‘pare. 4 
“Oar nleocs osc ys =a gaien aie nck ae bem ‘bho: * et 
s et Kee 3 Ingmges Sit” Rie, eal he ent . 
7 = ‘ - i 

Mé Shere ‘SA? On ‘hake bom bape. tip iraw leche dl te gpeyae us 


™ i 
be i 


nae 


seta bas). ante Gals. 10. se Vee a0 reg brid. ttt anit 
fo c3 8h 22 hoi). aard ond eur a7 pod sett $ ae vtevdapte 


-4? ..de03yyot aac 108 baygiiievelh stsw aapnntiy owt 
baie abncad Oren ioe of eile aiding, Pthody ke ih ~ 

6ivoaino Si? Ax negsiaeg-eq, tiptow PHBE anit wa vohvato i 
+f ROLIESL Seba) viivarp TS, zeiinas. | 2 yaa. kisses ads uN : 
fisceay Retidens Sys te (jivstp Ro hiditetes” wits nena 

gO13 apd Dh.bede o3 aballa- “ebuikai 2 eS , aims Pre eunim vbot« 
iipiaw Igompexz bape sia bs rit on en ive sd (eratesoea oi 
hs fe ASLO RD La bet) i ‘ 


53 


usu punod"G* TPT = O01 + °S° TET = MO Reset <4 


uew punod G°TET @ uo peseq 


eS ee ee a eS eee 


Z00T/ Z00T/ 300T/ 300T/ 
SHL°SZ ZO8°E $Z9°9 %09°0 puey 3301 
%£0°6 Srr°T Z9T° OT SS°T wWIVeIOF FST 
SEZ2S1 SLEl? SOC MLC %G9°Z wie zeddn 33e7 
SbL°SZ Z08°E %79°9 309°0 puey 3yhty 
£0°6 277-1 SOT OT $GS°T waieez0y 3ybTY 
17° ST SLU <e 202 LZ %S9°Z wie zeddn 3yubTu 
300T/ Z00T/ 
$6S°T $0€°T 6S°T 20P°T FOO 4791 
Sv0°S 307° R %70°S 30S°P JiTeo 4ye1 
STCs OF %70°6 ELL %59°6 ybtyy 33e7 
%6S°T Z0E°T 366°T 200°T qo0o03 345Tu 
SPV0°S 307° P 3v0°S 30S°% zTeo 3yubTY 
SEL “OT $70°6 een %59°6 ybtuy 3ybta 
%08°9S 390°8P 308°9S 20~°1S : yunaL 
28p°8 SBE°L 387°8 Z06°L yoou pue pesH 
C# cH T# ywerborg 
uOTRZeOTITPOW UOTReCOTIT POW uUOTIeOTITPOW pazepueqys quewbes 


a eee 


LHOIaM TWLOL JO SDVLNaOaAd W SW SLHOTHM LNAWOaS 


= a 
Lan A ’ 
- 
eS: 7 
| Aa : 4 
es | i 
a as! ‘ma « et ae f 
. gam bm re a 
ney) “sh # 
a oe £8 
= . y fin pes 
is On, I @, 
iy ohio 
es bw i} of li 
in <5 Ser 
i a ay Bey 
« “2&8 
er 
a 


bon 


are 


--yer's 


s 


4 
mu: 
il 


2 eth 


=. 
a 


Far 


Es 


APPENDIX D 


PROGRESSION OF FORCE TRACES 
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Pounds 
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